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(57) ABSTRACT 

A fault indicator for indicating the occurrence of a fault in 
an electrical conductor is programmable, such as in the ?eld, 
by placing a magnet in proximity to the housing of the fault 
indicator. A data processor senses the changed state of a 
magnetic sWitch and, after a predetermined delay, initiates a 
programming routine to enable selection of one of a plurality 
of trip settings for the fault indicator. During programming, 
display LEDs ?ash once for programming of the ?rst trip 
setting, tWice for setting of the second trip setting, and so 
forth. Removal of the magnet from proximity to the fault 
indicator While at the desired trip setting Will result in 
programming of the fault indicator to that trip setting. 

29 Claims, 15 Drawing Sheets 



U.S. Patent Sep. 18, 2007 Sheet 1 0f 15 US 7,271,580 B1 



U.S. Patent Sep. 18, 2007 Sheet 2 0f 15 US 7,271,580 B1 



U.S. Patent Sep. 18, 2007 Sheet 3 0f 15 US 7,271,580 B1 

I48 FIG.8 

I47 

I46 

I52 FIGS 



U.S. Patent Sep. 18, 2007 Sheet 4 0f 15 US 7,271,580 B1 

FIG. \0 

4 \ 7r 30-00 REPEAT PA'ITERN ms 
_J 
'1 

OFF 
I J/ _ 

/ f2 00 REPEAT PATTERN ms 









U.S. Patent 

FIG. 15 

Sep. 18, 2007 Sheet 8 0f 15 

'“ 500 

V 

V301 

CIR VOLTAGE 
HANDLING 
ROUTINE 

"OVERHEAD" on 
maacmourm" 

APPLICA‘I'ION 

_/ 507 

US 7,271,580 B1 



U.S. Patent Sep. 18, 2007 Sheet 9 0f 15 US 7,271,580 B1 

FIG. 16A 

No/minm 

m FLASHZLEDS 

PATTERN 

31’? "° 2 YES 0 



U.S. Patent Sep. 18, 2007 Sheet 10 0f 15 US 7,271,580 B1 



U.S. Patent Sep. 18, 2007 Sheet 11 0f 15 US 7,271,580 B1 

Wm 
FIG. 1 7 m“ - 5“ 

nmrmlnm kgé/ 

YES umn 542’ 

NO 

"mkmmmm' ~ 36% 
(FTRIPVALUE 

3“ ) aé ‘1’ 
FAULTIDUTINE FAULT? 

NO 

m-rlzwmc YES m 

34‘! No 
) :;L 3 

YES 
ADSAMPUNS I>IOM 

NO 

1 3'! ° 



U.S. Patent Sep. 18, 2007 Sheet 12 0f 15 US 7,271,580 B1 

FIG. 18 

378’ 
SET 

UNDERGROUND 



U.S. Patent Sep. 18, 2007 Sheet 13 0f 15 US 7,271,580 B1 

FIG. 20 

w) 
FLASHREJKES 

YES 

MODE L/ L/ o 



U.S. Patent Sep. 18, 2007 Sheet 14 0f 15 US 7,271,580 B1 

#21 (1M5 

'IJ SBUDND DEIAY 





US 7,271,580 B1 
1 

APPARATUS AND METHOD FOR 
PROGRAMMABLE TRIP SETTINGS IN A 

FAULTED CIRCUIT INDICATOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This patent application is a non-provisional patent appli 
cation of provisional patent application Fault Indicator With 
Field Programmable Trip, Ser. No. 60/519,106, ?led on Nov. 
12, 2003. This patent application is also a continuation-in 
part patent application of the folloWing/patent applications: 
Microprocessor Controlled Fault Indicator With Battery 
Conservation Mode, Ser. No. 10/280,322, ?led on Oct. 25, 
2002, noW abandoned, and Ser. No. 60/339,412, ?led on 
Oct. 26, 2001; Microprocessor Fault Indicator Having LED 
Fault Indication Circuit With Battery Conservation Mode, 
Ser. No. 10/280,219, ?led on Oct. 25, 2002, now US. Pat. 
No. 6,734,662 and Ser. No. 60/337,631, ?led on Oct. 26, 
2001; Microprocessor Fault Indicator Having High Visibil 
ity LED Fault Indication, Ser. No. 10/280,141, ?led on Oct. 
25, 2002, now US. Pat. No. 7,053,601, and Ser. No. 
60/339,256, ?led on Oct. 26, 2001; Microprocessor Con 
trolled Fault Indicator Having Inrush Restraint Circuit, Ser. 
No. 10/280,329, ?led on Oct. 25, 2002, and Ser. No. 
60/337,438, ?led on Oct. 26, 2001; Microprocessor Con 
trolled Directional Fault Indicator, Ser. No. 10/280,195, ?led 
on Oct. 25, 2002, noW abandoned, and Ser. No. 60/339,514, 
?led on Oct. 26, 2001; Microprocessor Controlled Fault 
Indicator With Circuit Overload Condition Detection, Ser. 
No. 10/280,328, ?led on Oct. 25, 2002, now US. Pat. No. 
6,822,576 and Ser. No. 60/337,632, ?led on Oct. 26, 2001; 
Fault Indicator With Automatically Con?gured Trip Levels, 
Ser. No. 10/454,851, ?led on Jun. 4, 2003, now US. Pat. No. 
6,894,478; Fault Indicator With Permanent and Temporary 
Fault Indication, Ser. No. 10/454,850, ?led on Jun. 4, 2003, 
now US. Pat. No. 7,023,691; Fault Indicator With Auto 
Con?guration for Overhead or Underground application Ser. 
No. 10/455,670, ?led on Jun. 4, 2003, now US. Pat. No. 
7,106,048 and Auto-Calibration of Multiple Trip Settings in 
a Fault Indicator, Ser. No. 10/454,847, ?led on Jun. 4, 2003, 
now US. Pat. No. 6,949,921, all of Which are incorporated 
herein by reference, and the rights of priority of Which are 
all hereby claimed for this application. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to current sensing 
devices for electrical systems, and more particularly to fault 
indicators for alternating current poWer systems that may be 
manually programmed to one of a plurality of trip settings. 

Various types of self-poWered fault indicators have been 
constructed for detecting electrical faults in poWer distribu 
tion systems, including clamp-on type fault indicators, 
Which clamp directly over cables in the systems and derive 
their operating poWer from inductive and/or capacitive cou 
pling to the monitored conductor; and test point type fault 
indicators, Which are mounted over test points on cables or 
associated connectors of the systems and derive their oper 
ating poWer from capacitive coupling to the monitored 
conductor. 

Some prior art fault indicators detect a fault by monitoring 
the rate of change of current in the monitored conductor over 
time, such as by using the current derivative, di/dt. For 
example, the rate of change of current may have to exceed 
100 amperes (A) Within 50 milliseconds (ms). HoWever, if 
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2 
a fault occurs With a sloWer current derivative, the fault may 
go undetected and no fault indication Will occur. 

Other prior art fault indicators may be either of the 
manually resetting type, Wherein it is necessary that the 
indicators be physically reset, or of the self-resetting type, 
Wherein the indicators are reset upon restoration of line 
current. Examples of such fault indicators are found in 
products manufactured by E.O. SchWeitZer Manufacturing 
Company of Mundelein, Ill., and in US. Pat. Nos. 3,676, 
740, 3,906,477, 4,063,171, 4,234,847, 4,375,617, 4,438,403, 
4,456,873, 4,458,198, 4,495,489, 4,974,329, 5,677,678, 
6,016,105, 6,133,723 and 6,133,724. 

Detection of fault currents in a monitored conductor by a 
prior art fault indicator is typically accomplished by mag 
netic sWitch means, such as by a con?gured magnetic reed 
sWitch, in close proximity to the conductor being monitored. 
Upon occurrence of an abnormally high fault-associated 
magnetic ?eld around the conductor, the magnetic sWitch 
actuates a trip circuit that produces current How in a trip 
Winding to position an indicator ?ag visible from the exte 
rior of the indicator to a trip or fault indicating position. 
Upon restoration of current in the conductor, a reset circuit 
is actuated to produce current How in a reset Winding to 
reposition the target indicator to a reset or non-fault indi 
cating position, or the fault indicator may be manually reset. 

Rather than a target indicator, some prior art fault indi 
cators utiliZe light emitting diodes (LEDs) to display a fault 
condition. Whether of the target or LED display type, prior 
art fault indicators typically have a pre-set trip setting, such 
as 100 A, 200 A, 400 A, 800 A, 1200 A, or the like. This 
means that a variety of fault indicators must be manufac 
tured, inventoried and sold to satisfy each speci?c load 
current application. 

There is therefore a need for a fault indicator With 
multiple trip settings that can be easily manually pro 
grammed to a selected one of a plurality of different avail 
able trip levels. 

There is a further need for such a fault indicator that is 
normally in an energy conservation mode and that periodi 
cally Wakes up to monitor the load conditions on the 
monitored conductor, or is awakened When a fault condition 
occurs, When the fault indicator is reset after a timed reset 
period, or When a microcontroller in the fault detector 
otherWise receives an input or interrupt signal. 

In certain other applications, the need arises for a fault 
indicator that Will continue to display a prior fault condition 
for a predetermined amount of time, such as in the range of 
one hour to tWenty-four hours, rather than self-resetting 
upon restoration of current in the conductor. Such timed 
reset fault indicators should be capable of self-resetting after 
termination of the predetermined time. 
Some of these applications also require voltage in-rush 

restraint and/or current in-rush restraint to prevent false 
tripping due to voltage and/or current inrush, such as When 
a reclosing relay of a poWer distribution system closes to 
restore poWer. 

Because of the compact construction and limited poWer 
available in self-poWered fault indicators, it is preferable that 
the desired functions of the fault indicator be accomplished 
With minimal structure and With internal circuitry that has 
minimal current drain on a high capacity battery. The fault 
indicator must also provide highly reliable and extended 
operation over a number of years. 

Accordingly, it is a general object of the present invention 
to provide a neW and improved fault indicator that may be 
manually programmed to one of a plurality of available trip 
settings. 
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Another object of the present invention to provide a neW 
and improved fault indicator that may be manually pro 
grammed or reprogrammed in the ?eld after the fault indi 
cator is installed on a conductor to one of a plurality of 
available trip settings. 
A further object of the present invention is to provide a 

fault indicator that is capable of operating over a broad range 
of load currents, such as may be programmed from about 5 
A to about 2500 A. 

Yet another object of the present invention to provide a 
neW and improved fault indicator that may be manually 
programmed or reprogrammed in the ?eld by initiating a 
programming routine With a magnetic tool. 

SUMMARY OF THE INVENTION 

This invention is directed to a fault indicator for indicat 
ing the occurrence of a fault current in an electrical con 
ductor. The fault indicator has a housing, a battery, a display 
for indicating that a fault in a monitored conductor has 
occurred, a current sensor for sensing the load current in the 
monitored conductor and for providing a load current signal 
that is related to the load current, and a microcontroller that 
receives the load current signal, that determines the load 
current in the monitored conductor, that may be manually 
programmed to one of a plurality of trip settings and that 
determines that a fault condition has occurred When the load 
current exceeds the trip setting. For example, the fault 
indicator may have selectable trip settings of 25 A, 50 A, 10 
A, 200 A, 400 A, 600 A, 800 A, 1000 A, 1200 A and 2500 
A, or any subset thereof. 

If a test tool magnet is held up to the housing of the fault 
indicator for greater than about ?ve seconds, the fault 
indicator Will enter the programming mode. For example, an 
LED disposed on the face of the fault indicator may ?ash 
once to indicate a 100 A trip level, ?ash tWice to indicate a 
200 A trip level, ?ash three times to indicate a 400 A trip 
level and ?ash four times to indicate an 800 A trip level. 
BetWeen each of the ?ashing indications of trip levels, there 
may be a predetermined time delay, such as about 1.5 
seconds. The desired trip value is selected by removing the 
magnet from proximity to the housing While the desired trip 
level is ?ashing. Upon removal of the magnet, the LED Will 
again ?ash the programmed trip level that Was selected, 
thereby con?rming the selected trip level. The selected trip 
level is then stored in a ?ash memory Where it can be 
recalled as needed. 
When a fault is detected, one or more LEDs disposed on 

the face of the fault indicator Will begin to ?ash. At a 
predetermined time, such as about three minutes, the fault 
indicator again checks the electrical distribution system to 
see if voltage is restored on the monitored conductor. If not, 
the LEDs on the fault indicator Will continue to ?ash for 
another predetermined time, such as up to 16 hours, or until 
voltage is restored on the monitored conductor. 

Memory, such as ?ash memory, is preferably available for 
the microcontroller to store and to recall information, such 
as the ?eld programmed trip setting, Whether a fault is a 
permanent fault or a temporary fault, the time remaining 
before a timed reset Will occur, the ambient lighting condi 
tions, Whether the fault indicator is con?gured for an over 
head application or an underground application, and the like. 
Such memory may be available internally in the microcon 
troller or data processor. 

The present invention is also directed to methods of 
manually programming a fault indicator to a selected one of 
a plurality of available trip settings. The steps of the method 
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4 
may include sensing the load current in the monitored 
conductor With the current sensor, providing a load current 
signal from the current sensor that is related to the load 
current in the conductor; providing a plurality of selectable 
trip settings for the fault indicator; determining the load 
current in the conductor based upon the load current signal 
for the sensor and selecting one of the plurality of trip 
settings by initiating a programming routine. Additional 
steps may include storing the selected trip setting in a 
memory for recall by the data processor, displaying the trip 
level being programmed during running of the programming 
routine, manually initiating the programming routine by 
placement of a magnet in proximity to said fault indicator, 
terminating the programming routine at the desired trip 
setting by removal of the magnet in proximity to the fault 
indicator before the programming routine moves to the next 
trip setting, selecting the trip settings from a range of about 
5 to about 1200 amperes and selecting the trip settings from 
the group consisting of 25, 50, 100, 200, 400, 600, 800, 1000 
and 1200 amperes. 

Further method steps may include ?ashing the display 
once to indicate When the programming routine is program 
ming the fault indicator at a ?rst trip setting, ?ashing the 
display tWice to indicate When the programming routine is 
programming the fault indicator at a second trip setting, 
?ashing the display three times to indicate When the pro 
gramming routine is programming the fault indicator at a 
third trip setting and ?ashing the display four times to 
indicate When the programming routine is programming the 
fault indicator at a fourth trip setting. Still further method 
steps may include causing a magnetic sWitch to change state 
from open to closed or from closed to open in response to the 
magnet being placed in proximity to the fault indicator, 
sensing the change in state of the magnetic sWitch from open 
to closed or from closed to open at the data processor and 
initiating the programming routine to program the fault 
indicator to one of said plurality of trip settings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features of the present invention Which are believed 
to be novel are set forth With particularity in the appended 
claims. The invention, together With the further objects and 
advantages thereof, may best be understood by reference to 
the folloWing description taken in conjunction With the 
accompanying draWings, in the several ?gures in Which like 
reference numerals identify like elements, and in Which: 

FIG. 1 is a perspective vieW of an electric ?eld poWered 
clamp-on fault indicator With provision for external battery 
replacement that is constructed in accordance With the 
present invention and that may be installed on a cable Within 
a poWer distribution system. 

FIG. 2 is a front vieW of the fault indicator of FIG. 1 
shoWing illuminated LEDs to indicate the occurrence of a 
fault. 

FIG. 3 is a cross-sectional vieW of the fault indicator of 
FIGS. 1 and 2 taken along the sectional line 3-3 of FIG. 2. 

FIG. 4 is a perspective vieW of an alternate embodiment 
of the electric ?eld poWered fault indicator shoWn in FIGS. 
1-3, With an internal non-replaceable battery, constructed in 
accordance With the present invention and installed on a 
cable Within a poWer distribution system. 

FIG. 5 is a front vieW of the fault indicator of FIG. 4 
shoWing illuminated LEDs to indicate the occurrence of a 
fault. 

FIG. 6 is a cross-sectional vieW of the fault indicator of 
FIGS. 4 and 5 taken along the section line 6-6 of FIG. 5. 
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FIG. 7 is a cross-sectional vieW of the fault indicator of 
FIGS. 4-6 taken along the section line 7-7 of FIG. 6 to better 
illustrate an electrostatic pickup for deriving poWer from the 
electromagnetic ?eld around the conductor of the poWer 
distribution system, and to supply operating poWer to por 
tions of the electronic circuitry in the fault indicators shoWn 
in FIGS. 1-6. 

FIG. 8 is a plan vieW of a ?rst embodiment of an 
electrostatic plate for the electrostatic pickup shoWn in FIG. 
7. 

FIG. 9 is a plan vieW of a second embodiment of an 
electrostatic plate for the electrostatic pickup shoWn in FIG. 
7. 

FIG. 10 is a cross-sectional vieW of the electrostatic 
pickup illustrated in FIG. 7 taken along section line 10-10. 

FIG. 11 is a block diagram of the electronic circuitry used 
in the fault indicators of FIGS. 1-6 shoWing the functions 
and interrelationships of the various circuit portions. 

FIGS. 12A and 12B together constitute an electrical 
schematic diagram of the electronic circuitry for the fault 
indicators shoWn in FIGS. 1-6. 

FIG. 13 is a timing diagram shoWing a preferred illumi 
nation pattern for the LEDs used in the fault indicators of 
FIGS. 1-6. 

FIG. 14 is a timing diagram shoWing a preferred illumi 
nation pattern for applying loWer poWer to the LEDs used in 
the fault indicators of FIGS. 1-6 under night time conditions. 

FIG. 15 is a How chart illustrating typical steps that may 
be employed by a microcontroller during the various opera 
tional modes of the fault indicators illustrated in FIGS. 1-6. 

FIGS. 16A and 16B are How charts illustrating typical 
steps that may be employed by a microcontroller during a 
fault handling routine shoWn in one of the blocks of FIG. 15. 

FIG. 17 is a How chart illustrating typical steps that may 
be employed by a microcontroller during current and voltage 
inrush routines shoWn in another block of FIG. 15. 

FIG. 18 is a How chart illustrating typical steps that may 
be employed by a microcontroller during test handling 
routines shoWn in another block of FIG. 15. 

FIG. 19 is a How chart illustrating typical steps that may 
be employed by a microcontroller during Wakeup and over 
head/underground routines shoWn in another block of FIG. 
15. 

FIG. 20 is a How chart illustrating typical steps that may 
be employed by a microcontroller during the various opera 
tional modes of the fault indicators illustrated in FIGS. 1-6, 
in accordance With the present invention. 

FIG. 21 is a How chart illustrating typical steps that may 
be employed by a microcontroller during a programming 
mode routine shoWn in a block of FIG. 19, also in accor 
dance With the present invention. 

FIG. 22 is a timing diagram illustrating a preferred 
illumination pattern in accordance With the present invention 
for activating the LEDs used in the fault indicators of FIGS. 
1-6 While programming the fault indicator to one of a 
plurality of available trip settings. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to the Figures, and particularly to FIG. 1, a 
clamp-on timed reset fault indicator, generally designated 
20, is constructed in accordance With the invention. Fault 
indicator 20 indicates fault currents in an electrical feeder or 
distribution cable, generally designated 21, and includes a 
circuit module, generally designated 22. Cable 21 may be 
part of an overhead electrical distribution system or of an 
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6 
underground distribution system, such as Where the cable 
comes up from the ground at a pad-mounted transformer. In 
accordance With conventional practice, circuit module 22 is 
attached to the outer surface of the cable 21, Which may 
include a central conductor 25, a concentric insulating layer 
26 and an electrically grounded rubber outer sheath 27. 

Circuit module 22 includes a housing 30 (FIG. 2) that 
contains electronic circuitry for sensing and responding to 
fault currents in cable 21. A current transformer 37 is located 
Within housing 30 and has a pole piece 37a that extends 
through housing 30 in an orientation that is generally 
perpendicular to the rear face of housing 30. The exterior 
portion of pole piece 37a may be coated With an insulative 
material or may have an insulating sleeve disposed thereon. 
A clamp assembly 31 attaches the module to a monitored 
conductor, such as cable 21, and holds cable 21 in close 
proximity to the pole piece 37a of current transformer 37. 
Clamp assembly 31 is designed to accommodate a range of 
cables 21 having different diameters. Current transformer 37 
senses the load current in conductor 21 and provides a signal 
representative of the load current to electronic circuitry 100, 
Which is discussed beloW. An electrostatic sensor 145 is 
disposed betWeen current transformer 37 and the rear Wall of 
housing 30. Sensor 145 senses the electromagnetic ?eld 
about conductor 21 and likeWise provides a signal repre 
sentative of the electromagnetic ?eld to electronic circuitry 
100. Sensor 145 is also discussed beloW, including details on 
the construction and operation of the electrostatic sensor. 
An eye 36 on an end cap 53 of the housing may be 

provided to alloW use of a conventional hotstick during 
installation or removal of fault indicator 20 about cable 21. 
When installed on an overhead cable, fault indicator 21 
normally hangs doWnWardly such that a face 40 containing 
the status indicators, such as LEDs 33-34, are easily vieWed 
from the ground by service personnel or the like. 

Housing 30 and end cap 53 may be formed from any 
suitable material, such as plastic. End cap 53 forms part of 
the housing 30, and may be sonically Welded to housing 30 
to seal the interior of fault indicator 20 against contamina 
tion. A battery holder 28 Within housing 30 includes a 
removable end cap 29 Which provides access to a cylindrical 
battery compartment Within Which a battery 38 (FIG. 3) is 
contained. In this example, battery 38 may be one or more 
type AA lithium thionyl chloride cells that have about 2.4 
ampere-hours of capacity and that are commercially avail 
able from Tadiran, Ltd. of Israel. 

Circuit module 22 also includes status indicators, such as 
tWo LEDs 33-34, to indicate Whether a fault has occurred on 
cable 21. In operation, during normal current ?oW through 
conductor 21, LEDs 33-34 are normally off and not illumi 
nated. Upon occurrence of a fault in a monitored conductor, 
LEDs 33 and 34 are illuminated by electronic circuitry, 
Which is discussed in further detail beloW, to indicate that a 
permanent fault has occurred. For best vieWing from differ 
ent angles of vieW, LEDs 33-34 are nearly ?ush With the 
exterior surface of end cap 53. If desired, LEDs 33-34 may 
project slightly above the top surface 40 of the end cap 53, 
or end cap 53 may be provided With convex lenses (not 
shoWn) to provide illumination in about a 180° ?eld of vieW 
for better vieWing by service personnel. LEDs 33-34 may be 
selected from any color commercially available. For 
example, LEDs 33 and 34 may be red for indicating a 
permanent fault. If one of LEDs 33 or 34 is used for 
indicating a temporary fault, it may be selected as a different 
color than red, such as yelloW. End cap 53 is preferably of 
a contrasting color to LEDs 33-34, such as dark blue, for 
better visibility of the LEDs. 
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A light sensor 173 may be disposed on the face 40 of fault 
indicator 20 to sense ambient light levels. As further dis 
cussed below, light sensor 173 may in?uence the intensity of 
light provided by LEDs 33-34 under differing ambient light 
conditions. With reference to FIG. 3, a pair of circuit boards 
49 and 4911 are disposed in the housing 30 near the face end 
thereof. These circuit boards contain most of the electronic 
circuitry 100, Which is presented in greater detail beloW. The 
circuit boards 49 and 49a are spaced apart With most of the 
circuitry disposed betWeen the tWo circuit boards 49, 4911. A 
plurality of ground pins 47 disposed about the periphery of 
the circuit boards interconnect the ground planes in the 
circuit boards and, in combination With the circuit boards, 
provide a simulated Faraday cage to provide the circuitry 
With electromagnetic isolation to stray electromagnetic dis 
turbances or the like. Circuit board 4911 also supports LEDs 
33-34, ambient light sensor 173, a magnetic reset sWitch 120 
and various other components. 
A pigtail 192 may provide signals relating to the opera 

tional status of fault indicator 20, such as to a remote 
location, for remotely monitoring the electrical distribution 
system or for automation purposes. 

Additional LEDs 63-64 may be disposed internally in 
housing 30, such as in the potting compound 39 that encases 
most of the electronic circuitry. It may be desirable to use 
tWo interior LEDs 63-64 because certain other internal 
components, such as battery 38, may block a substantial 
portion of the illumination at certain vieWing angles from a 
single LED. Additional LEDs 63-64 become illuminated 
during a fault condition When the light sensor 173 senses a 
loW ambient lighting level, such as at nighttime. The objec 
tive is to make housing 30 gloW or ?ash in the dark after a 
sensed fault condition for better visibility, including from all 
directions. To this end, potting compound 39 is preferably 
clear and housing 30 is preferably formed from translucent 
plastic. Of course, other combinations of materials may be 
selected to achieve similar results, such as translucent pot 
ting compound 39 With a clear or translucent housing 30. 
When interior LEDs 63-64 are illuminated after sensing a 
fault condition at reduced ambient light levels, some of 
LEDs 33-34 are also preferably illuminated to indicate the 
fault condition from the face 40 of fault indicator 20, 
depending upon Whether the detected fault condition is 
determined to be permanent or temporary. 

FIGS. 4-6 illustrate a fault indicator 2011, Which is an 
alternate embodiment of fault indicator 20 shoWn in FIGS. 
1-3. A primary difference betWeen fault indicators 20 and 
20a is that fault indicator 20a in FIGS. 4-6 is not equipped 
With a battery that is externally replaceable. Thus, housing 
30a does not have a battery compartment 28 With a remov 
able cap 29. Instead, a permanent and high-capacity battery 
38a may be potted in potting compound 39 at the time of 
manufacture. Since fault indicator 20a consumes battery 
current mostly during a fault condition, as Will be under 
stood more fully beloW, permanent battery 38a can be 
expected to last for the lifetime of fault indicator 20a, such 
as for 10 or more years. Battery 38a is preferably a lithium 
thionyl chloride battery, such as type TL-593-S manufac 
tured by Tadiran, Ltd. of Israel, Which provides a constant 
3.6 volt output to depletion. This battery is of the standard 
C siZe With a nominal capacity rating of 8.5 ampere-hours. 
Optionally, battery 38a may be of the standard D siZe With 
a nominal capacity of 19 ampere-hours. 

Fault indicators 20-20a (collectively fault indicator 20) all 
preferably have a timed reset to reset some hours after a fault 
occurs. Thus, fault indicator 20 continues to display the fault 
by periodically illuminating some of LEDs 33-34, and LEDs 
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63-64 at nighttime, if implemented, after poWer is restored 
in cable 21. This enables a lineman or other service person 
nel to easily trace the fault by folloWing the illuminated fault 
indicators. The point of the fault may then be located and 
repaired, or the cable 21 may be replaced. As Will be 
understood hereinafter, the length of the timed reset may be 
in the range of l to 24 or more hours, and is preferably about 
16 hours. Sixteen hours normally provides suf?cient time for 
a lineman or repair creW to revieW the tripped fault indica 
tors to determine the part of the distribution system associ 
ated With the fault. 

Rather than Waiting for the predetermined reset time to 
elapse, fault indicator 20 may be manually reset at any time. 
To this end, a reset magnetic reed sWitch 120 is disposed in 
the housings 30-30a. Magnetic reed sWitch 120 may be 
manually closed With a permanent magnet tool 60 (FIG. 4) 
in a manner knoWn to the art. 

Turning noW to FIG. 11, the electronic circuitry, generally 
designated 100, for fault indicator 20 is shoWn in block 
diagram form. Avoltage inrush restraint circuit 101 includes 
a voltage sensor Which may take the form of an electrostatic 
sensor 145 shoWn in FIGS. 7-10. Electrostatic sensor 145 
may include a generally rectangular and ?at metallic plate 
50 overlying an insulating substrate 148 With a pair of metal 
electrodes 146 and 147 thereon (FIG. 8). For example, 
metallic plate 50 may be spaced apart from substrate 148 by 
small insulating spacers 149 (FIG. 10) so that electrostatic 
coupling exists betWeen metal plate 50 and electrodes 146 
and 147. For example, the distance betWeen plate 50 and 
substrate 148 may be about 2 to 5 mm. 

Substrate 148 With the electrodes 146 and 147 thereon 
may be fabricated by any suitable means, including printed 
circuit board techniques, deposition of metal on a ceramic 
substrate or by physically adhering metal foil onto a phe 
nolic base. For example, the electrodes 146 and 147 may be 
a copper-nickel alloy foil about 10 to 12 thousandths of an 
inch (0.25 to 0.30 mm) thick. Metallic plate 50 is preferably 
provided With one or more apertures, such as 149 and 150 
for good How of a potting compound in and about the 
electrostatic sensor. For example, a urethane-based potting 
compound may be used, such as that commercially available 
under the BIWAX brand from the BiWax Corporation of Des 
Plaines, Ill. BIWAX is a registered trademark oWned by the 
BiWax Corporation. 

With reference to FIGS. 3 and 6, the interior of housing 
30 or 3011, Which houses a magnetic reed sWitch 120, 
electrostatic sensor 145, current transformer 37, battery 38 
or 38a, interior LEDs 63 and 64 and circuit boards 49 and 
4911, may be potted With the potting compound, or any 
desired portion thereof. 
As seen in FIG. 8, electrodes 146 and 147 are preferably 

of different area such that differences in charge on electrodes 
146 and 147 Will develop a differential electrical signal 
betWeen electrodes 146 and 147. For example, the area of 
electrode 146 may be about 15 to 75 percent of the area of 
electrode 147, and is preferably about 25 to 50 percent of the 
area of electrode 147. 

Illustrated in FIG. 9 is an alternative embodiment of the 
substrate 148 in FIG. 8. In this embodiment, substrate 152 
of insulating material may be of the same approximate 
rectangular con?guration as metal plate 50. Generally rect 
angular metallic electrodes 153 and 154 are deposited on or 
adhered to the substrate 152, in a manner similar to substrate 
148. Electrode 154 is of greater area than electrode 153 for 
the same reasons and same purpose as electrodes 146 and 

146 in FIG. 8. For example, electrode 153 may be about 15 


















